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Specification 

1 . Title of the Invention: Polishing Apparatus 

2. Scope of Patent Claims 

A polishing apparatus, wherein there is provided a polishing device that polishes the object to be polished with 
a weight that moves freely back and forth through the work holder and that holds the object to be finished and 
rotates around a point that is off-center from a lap lathe's center of rotation. In this polishing device, there is a 
channel that is vertical with respect to the surface of the object to be finished and inside this channel is a weight that 
is equipped with an objective lens, the focal point of which is positioned below the lower end by a specific amount. 
There is a light source that projects light onto the surface of the object to be finished through the aforementioned 
objective lens and an optical means equipped with a light-receiving element that converts the reflected light from the 
surface being worked into electrical signals. There is also a control means that turns off the polishing device when a 
signal that is output from the aforementioned light-receiving element is compared with and matches a predetermined 
reference value. 

3. Detailed Explanation of Invention 

This invention relates to a polishing apparatus for performing lapping, and in particular, relates to a polishing 
apparatus that processes transparent objects to be finished with efficiency and a high degree of dimensional 
precision. 

Lap processing is used to improve the formation precision or coarseness of a normal, finished surface. At the 
same time, with lap processing, changes in processing conditions can cause considerable variation in the amount of 
processing per unit of time. Thus, when processing the dimensions of the object to be finished (the dimensions in the 
vertical direction with respect to the finished surface) in a highly precise manner, the polishing and measuring of the 
dimensions of the object to be finished are repeated many, many times. The disadvantage is a considerable reduction 
in productivity. 
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The object of the present invention lies in providing a polishing apparatus that enhances productivity by 
eliminating the disadvantages of prior art and detecting the end point of a process through the objects being finished, 
when transparent objects are finished. 

In order to achieve the above object, the present invention supports the object to be finished with a work holder 
that rotates on a spindle which is ofT center with respect to the lap lathe's center of rotation. The work holder has a 
channel that allows free reciprocal motion and a channel that is vertical with respect to the surface of the object to be 
finished. Inside this channel is a weight provided with an objective lens that is positioned such that the focal point is 
a specified amount lower than the lower edge surface of the channel. This weight is placed inside the channel when 
processing and the surface of the object to be finished is illuminated through the aforementioned objective lens. The 
light reflected from the finished surface is received and converted into an electrical signal. This signal is compared 
to a predetermined standard value, making it possible for the thickness of the object being finished to be detected 
and to cause the polishing device to stop when the aforementioned signal matches the standard value. 

Below, we explain an embodiment of the present invention with reference to drawings. 

The configuration of this embodiment of the invention is shown in Figures 1 through 3, and in the same figures, 
1 is the base and the spindle 3 is supported by the bearings 2. Between the pulley 4 and the spindle 3 is a gear device 
(not shown) that transfers motion. 5 is a motor that is linked to a governor 6, and motion is transferred to the pulley 
4 through the pulley 7 of the governor 6 and the belt 8, which turns the spindle 3. 9 is a lap lathe, which is affixed to 
the upper end of the spindle 3 and the polishing cloth 10 is affixed to its upper surface. 1 1 is a support. One end of 
the U-shaped opening end holds the aforementioned bearings 2 in place and the other end projects out over the top 
of the polishing cloth 10. 12 is a support spindle that projects out from one end of the aforementioned support 1 1 in 
opposition to the polishing cloth 10. The work holder 14 is joined to the tip of the support 12 by means of the 
bearing 13 so that the work holder 14 can rotate. This work holder 14 has a channel 15 that passes through it, and 
this channel 15 houses the object to be finished 16 and the weight 17 so that they are capable of reciprocal action. As 
shown in Figure 2, the aforementioned weight 17 is equipped with the channel 19 that has a ledge in the center of 
the main unit 18. The bearings 20 that project into this channel 19 support an advance screw 22 equipped with a 
fixed handle 21 on one end so that it can turn freely. 23 is a tube that supports the lens 24, and a nut 25 that 
protrudes from its outside surface meshes with the screw 22 so that it rises and falls as the advance screw 22 is 
turned. 26 is a half mirror and when the lap lathe 9 rotates, it is positioned above a point on the path that the center 
of the aforementioned lens 24 will trace. It reflects part of the laser light from the laser oscillator 27 that passes 
through the lens 24. In addition to Ulurninating the surface being finished, it allows part of the reflected light to pass 
through from the surface being finished to the photosensor 28. 29 is the control means. Based on the electrical signal 
from the photosensor 28, the power supply to the aforementioned motor 5 is turned off, stopping the motor 5 and 
ending the process. As shown in Figure 3, the control means 29 is connected to the photosensor 28, and the signals 
sent from the photosensor 28 are amplified in the amplifier circuit 31 to a magnitude that makes signal processing 
possible. Connected to this amplifier circuit 31 is a bandpass filter 32 that removes signal noise applied by the 
amplifier circuit 31. Connected to this bandpass filter 32 is an A/D conversion circuit 33 that converts the signal 
applied sent out from the bandpass filter into a digital signal. Connected to this A/D conversion circuit 33 is a switch 
34 that has two contacts, A and B. Connected to contact A of the switch 34 is the storage circuit 35 that stores the 
maximum value of the digital signal sent from the A/D conversion circuit as a reference value. Connected to this 
storage circuit 35 is a latch clear switch 36 that deletes the value stored in the storage circuit 35. Connected to 
contact B of the aforementioned switch 34 and to the storage circuit 35 is a comparator circuit 37 that compares the 
digital signal from the A/D conversion circuit 33 and the reference value from the storage circuit 35 and then 
generates a signal when these values match. Connected to this comparator circuit 37 is a switching circuit 38 that is 
connected manually and shuts off when the signal is sent from the comparator circuit 37. Note that 39 is a monitor 
circuit. It is connected between the switch 34 and the storage circuit 35. It is set up to display the voltage applied by 
the A/D converter circuit 33. 

In the above configuration, a reference value is set in the storage circuit 35 by first pressing the latch clear 
switch 36 and deleting the old reference value that was set in the storage circuit 35 and switching the switch 34 to 
contact A. At the same time, a lapping agent is supplied to the top of the polishing cloth 10 while the lap lathe is 
turned. After the lapping agent has been dispersed throughout the top of the polishing cloth 10, the lap lathe 9 is 
stopped and the master gauge, which has been finished to specific dimensions, and the weight 17 are inserted into 
the channel 15 of the work holder 14. Then, laser light is generated by the laser oscillator 27, illuminating the 
contact surface of the polishing cloth 10 and the master gauge through the half mirror 26 and the lens 24. That 
reflected light is received by the photosensor 28 through the lens 24 and the half mirror 26. Thus configured, the 
handle 21 is turned and the focal point of the laser light that is focused by the lens 24 is aligned to the contact 
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surface of the polishing cloth 10 and the master gauge. This is achieved by positioning the lens 24 while watching 
for the maximum output from the A/D conversion circuit 33 on the monitor circuit 39 display. After the reference 
value has been set in this way, the switch 34 is switched to contact B. At the same time, the weight 17 and the 
master gauge are removed and the object to be finished 16 is placed in the channel 15. At this point, lapping agent is 
supplied to the top of the polishing cloth 10, the motor 5 is started, and the lap lathe 9 starts to turn. This will begin 
the polishing of the object to be finished 16. At this point, the work holder 14 will be off-center with respect to the 
polishing cloth 10 such that the work holder 14 will also turn, with the support spindle 12 at its center. Thus, each 
time the work holder 14 makes one full turn, the object being finished 16 will pass under the half mirror 26. Then, 
when the object being finished 16 is positioned underneath the half mirror 26, it will be illuminated by the laser light 
and the reflected light will be received by the photosensor 28 and converted into an electrical signal. The output 
from the photosensor 28 goes to the amplifier circuit 3 1, the bandpass filter 32, the A/D conversion circuit 33, and 
the switch 34 before going to the comparator circuit 37. It is then compared with the reference value that is stored in 
the storage circuit 35. At this point, if the output from the A/D conversion circuit 33 matches the reference value, the 
comparator circuit 37 will generate a signal, switch circuit 38 will go into operation, and the motor 5 will be stopped. 
In this way, the object being finished 10 is worked to the desired dimensions. 

Note that when setting the reference value, when the master gauge is not used, lens 24 is positioned so that the 
focal point is lower than the bottom edge surface of the weight 17 by the same amount as the desired dimensions 
(the dimensions of the object to be finished 16 after processing). Then, the focal point is placed on the object being 
finished 10 or a dummy object made of the same material, and polishing continues until the output from the A/D 
conversion circuit 33 exceeds the maximum value. The aforementioned maximum value may be set as the reference 
value. 

As described above, this invention illuminates the processing position of a transparent object that is being 
polished. By receiving the light that is reflected, the amount that the object being finished can be detected, which 
makes continuous processing possible without having to stop the machine from the time that processing begins until 
it has ended. This allows a significant improvement in productivity. Additionally, the amount of processing is 
detected under identical conditions, which will have the effect of reducing variation in products and improve the 
quality of the finished objects. 
4. Brief Explanation of Drawings 

Figure 1 shows a schematic diagram of an example of a polishing device based on the present invention. Figure 
2 shows an enlarged cross-section of the weight in Figure 1. Figure 3 is a block line diagram of the control means in 
Figure 1. 
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Figure 1 
[see source for diagram] 



Figure 2 
[see source for diagram] 



Figure 3 
[see source for diagram] 
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Abstract of JP57138575 

PURPOSE:To make it possible to work 
continuously without stopping machine from 
starting to finish of the work in a grinding 
machine that laps a transparent work by 
shooting light to the position of working of a 
work and receiving the light reflected from the 
work to detect the amount of working of the 
work. 

CONSTITUTIONS motor 5 is operated and a 
lapping machine 9 is rotated to grind the lower 
face of a work 16 that is set in the piercing 
hole 15 of a work holder 14 with lapping agent 
supplied to a polishing cloth 10. During the 
grinding laser light from a laser stimulating 
device 27 is directed to the grinding face of the 
work 16 through an objective lens of a weight 
17 that is provided on the piercing hole 15, and 
the laser light reflected from the grinding face 
is received by a photo-sensor 28 and the light 
is converted into electricity. The output signal 
from the photo-sensor 28 is input to a control 
device 29. In this control device 29 the input is 
compared with a beforehand set reference 
value. If the output signal coincides with the 
reference value, the motor 5 is stopped, and 
the rotation of the lapping machine is stopped, 
and the work is machined to a specified 
dimension. 
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